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(54) Derivatives of azetidlne and pyrrolidine 

(57) The invention relates to a compound having the 
formula I 




wherein A is an optionally unsaturated 5- or 6-mem- 
bered ring, which may comprise a heteroatom 
selected from N, O and S and which may be substi- 
tuted with oxo or (1-6C)alkyl; 
R 1 , R 2 and R 3 are independently H, (1-6C)alkyl, (1- 
6C)alkoxy, (1 -6C)alkoxy-( 1 -6C)alkyl. carbo(1 - 
6C)aIkoxy or halogen; 
X is O or S; 
and n is 1 or 2; 

or a pharmaceutical! y acceptable salt thereof. 

^ with the exception of 3-(naphth-1-yl-oxy)-pyrrolidin and 

CO 3-(5,6,7,8-tetrahydro-naphth-1 -yl-oxy)-pyrrolidin. 

W The compounds of the invention have antidepressant 
activity and can be used in treating or preventing serot- 

£q onin-related diseases. 
00 
O 
CL 

LU 



Primed Dy Xerox (UK) Business Services 
2.16.3^.4 



EP 0 863 136 A1 



Description 

The invention relates to derivatives of azetidine and pyrrolidine, to pharmaceutical compositions comprising the 
same, a process for their preparation, as well as the use of derivatives of azetidine and pyrrolidine for the preparation 

5 of a medicament which acts on the central nervous system. 

In recent years the contribution of serotonergic activity to the mode of action of antidepressant drugs has been well 
documented and compounds which enhance activity in the serotonin system have been developed and successfully 
introduced as antidepressants. Serotonin reuptake inhibitors (SRI) work by increasing the amount of serotonin available 
at the synapse. Although the SRPs have more favourable side effect profiles than previous generations, they are not 

io devoid of side effects and still suffer from a slow onset of action [Andrews and Nemeroff. "Contemporary management 
of depression" - American Journal of Medicine 97(6A): 24S-32S (1994); Leonard, "The comparative pharmacology of 
new antidepressants" - Journal of Clinical Psychiatry 54(Suppl): 3-15 (1993)]. Moreover, the mechanism of action of the 
SRI's although specific for serotonin, is not selective in that they effect activity at a multitude of different serotonin recep- 
tor subtypes. This broad spectrum of activity may lead to many of the side effects associated with the SRI's e.g. nausea 

15 from activation of 5-HT3, headache due to activation of 5-HT2B. Thus, SRI's can alter the function of several 5-HT2 
receptor subtypes, however, the efficacy of these drugs may correlate most strongly with their effects on the 5-HT2C 
system [(Broekkamp and Berendsen "The importance of 5-HT1C receptors for antidepressant effects" - Polish Journal 
of Pharmacology and Pharmacy 44(Suppl): 20 (1992); Cesana et al "Mesulergine antagonism towards the fluoxetine 
anti-immobility effect in the forced swimming test in mice" - Journal of Pharmacy and Pharmacology 45: 473-475 

20 (1993); Berendsen and Broekkamp "Comparison of stimulus properties of fluoxetine and 5-HT receptor agonists in a 
conditioned taste aversion procedure" - European Journal of Pharmacology 253: 83-89 (1994)]. These data suggest 
that compounds which selectively activate the 5-HT2C receptor will be effective in the treatment of affective disorders 
and related conditions. 

The invention relates to compounds according to the formula I 

25 




wherein A is an optionally unsaturated 5- or 6-membered ring, which may comprise a heteroatom selected from N, 
O and S and which may be substituted with oxo or (1 -6C)alkyl; 
40 R 1 , R 2 and R 3 are independently H, (1 -6C)alkyl, (1 -6C)alkoxy, (1 -6C)alkoxy-(1 -6C)alkyl , carbo(1 -6C)alkoxy or hal- 
ogen; X is O or S; and n is 1 or 2; or a pharmaceutically acceptable salt thereof, with the exception of 3-(naphth-1 - 
yl-oxy)-pyrrolidin and 3-(5,6,7,8-tetrahydro-naphth-1-yl-oxy)-pyrrolidin. The compounds have a selective effect on 
5-HT2C receptors in the central nervous sytem. 

45 In US 4,452,809 piled April 22. 1983] 3-aryloxy-4-hydroxypyrrolidines were disclosed, wherein it was found that 3- 
naphthyl or 3-indenyloxy-4-hydrcKypyrrolidines have antiarrhythmic activity, whereas 3-phenoxy-4-hydroxypynrolidines 
were found to have antidepressant activity. Some years earlier, in DT 2,738.477 [priority date September 1, 1977] also 
3-aryloxy-4-hydroxypyrrolidines were disclosed, wherein the preferred compounds with antidepressant activity were 
also 3-phenoxy derivatives. Other 3-arylQxypyrroIidines wherein the pyrrolidine-group of all compounds is N-substi- 

50 tuted, having an effect on the serotonin receptor, were disclosed in EP 0,338,331 [priority date April 19, 1988]. 

Surprisingly, after many years of research, it has now been found, that the compounds of formula I, (bicyclic aryQoxy- 
substituted pyrrolidines and (bicyclic aryl)oxy-substituted azetidines wherein the 5- or 4- membered heterocycle is not 
substituted at any position in the ring, have a selective effect on 5-HT2C receptors in the central nervous sytem. Also 
the compounds 3-(naphth-1-yl-oxy)-pyrro!idin and 3-(5,6,7,8-tetrahydro-naphth-1-yl-oxy)-pyrrolidin. known as interme- 

55 diates but not claimed in EP 0,338,331 , were found to have this effect. Therefore, also protection is sought for the use 
of these compounds and for pharmaceutical compositions comprising them. 

The use of a selective 5-HT2C agonist ensures that pharmacological activity occurs immediately and preferentially 
at the 5-HT2C receptors allowing a much quicker onset of selective pharmacological activation than can be observed 
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with SRIfe. Moreover the selectivity of the compound reduces the potential for adverse effects mediated by other sero- 
tonin receptors e.g. nausea, headache, effects which may hinder compliance and thus interfere with efficacy. 

The compounds of the present invention act on the central nervous system, in particular as antidepressants, and 
against obsessive compulsive disorders, anxiety disorders including generalised anxiety, panic attacks, agoraphobia, 
5 eating disorders such as obesity, urinary incontinence, impotence, aggression and drug abuse such as alcohol or nar- 
cotic addiction. 

Preferred compounds according to the invention have the formula I wherein the heteroatom in A, if present is N or 
S: R 1 is H, (1-6C)alkyl. (1-6C)alknxy, (1-6C)alkcocy-(1-6C) alkyl; R 2 is H, (1-6C)alkoxy, carbo(1 -6C)alkoxy or halogen and 
R 3 is H. (1-6C)alkyl, (1-6C)aIkoxy or halogen. 
10 More preferred are compounds of the formula (la) 



15 




20 



wherein A is an unsubstituted saturated 5-membered or optionally aromatic 6-membered ring, which may comprise 
25 a nitrogen atom adjacent to the position indicated with an asterisk; R 1 is H or (1-6C)aIkoxy; R 2 is H, (1-6C)alkoxy 
or halogen; R 3 is H or halogen; and n is 1 or 2. More preferred are the compounds of formula (la) wherein A is an 
unsubstituted saturated 5-membered or optionally aromatic 6-membered ring; R 1 is (1-6C)alkoxy and R 2 and R 3 
are H. Most preferably, A in formula (la) is a 5-membered ring and R 1 is methoxy, in particular when n is 2. 

30 The term (1-6C)alkyl means a branched or unbranched alkyl group having 1 to 6 carbon atoms, such as methyl, 
ethyl, t-butyl, isopentyl, and the like. The most preferred alkyl group is methyl. The term (l-6C)alkoxy means an alkoxy 
group having 1 -6 carbon atoms, the alkyl moiety of which having the meaning as previously defined. Trie most preferred 
alkoxy group is methoxy. The term halogen means fluorine, chlorine or bromine. 

The compounds according to formula I may be prepared in a manner conventional for such compounds. To that 

35 end, compounds of general formula II, wherein A, R 1 , R 2 , R 3 , X and n are as previously defined and P is any N-protect- 
ing group, stable under alkaline conditions [suitable N-protecting groups can be found in T.W. Green and P.G.M. Wuts: 
Protective Groups in Organic Synthesis, Second Edition (Wiley, NY, 1991)], are deprotected using the appropriate con- 
ditions such as catalytic hydrogenation or intermediate carbamate formation, followed by reaction with alcohols. Option- 
ally at the same time, a salt may be formed. 

40 



45 




50 

The compounds according to general formula II may be prepared by arylether formation of suitable N-protected 3- 
hydroxy-azetidines or -pyrrolidines, wherein the protecting group is as hereinbefore defined, with appropriately substi- 
tuted aromatic or heteroaromatic compounds bearing a suitable leaving group. Alternatively, N-protected-azetidines or 
55 -pyrrolidines bearing a suitable leaving group at the 3-position, such as halogen, trif late, tosylate or mesylate, can be 
reacted with appropriately substituted aromatic or heteroaromatic compounds bearing a hydroxy, or mercapto group. 

The compounds of the invention, which can be in the form of a free base, may be isolated from the reaction mixture 
in the form of a pharmaceutical ly acceptable salt. The pharmaceutically acceptable salts may also be obtained by treat - 
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ing the free base of formula I with an organic or inorganic acid such as hydrogen chloride, hydrogen bromide, hydrogen 
iodide, sulfuric acid, phosphoric acid, acetic acid, propionic acid, gtycolic acid, maleic acid, matonic acid, methanesul- 
phonic acid, fumaric acid, succinic acid, tartaric acid, citric acid, benzoic acid, ascorbic acid and the like. 

The compounds of this invention may possess one or more chiral carbon atoms, and may therefore be obtained as 

5 a pure enarrtiomer, or as a mixture of enantiomers, or as a mixture containing diastereomers. Methods for obtaining the 
pure enantiomers are well Known in the art ag. crystallization of salts which are obtained from optically active acids 
and the racemic mixture, or chromatography using chiral columns. 

The compounds of the invention may be administered enteral I y or parenteral I y, and for humans preferably in a daily 
dosage of 0.001-100 mg per kg body weight, preferably 0.01-10 mg per kg body weight. Mixed with pharmaceutically 

w suitable auxiliaries, e.g. as described in the standard reference, Gennaro et al. , Remington's Pharmaceutical Sciences, 
(18th ed.. Mack Publishing Company, 1990, see especially Part 8: Pharmaceutical Preparations and Their Manufac- 
ture) the compounds may be compressed into solid dosage units, such as pills, tablets, or be processed into capsules 
or suppositories. By means of pharmaceutically suitable liquids the compounds can also be applied in the form of a 
solution, suspension, emulsion, e.g. for use as an injection preparation, or as a spray, e.g. for use as a nasal spray. 

is For making dosage units, e.g. tablets, the use of conventional additives such as fillers, colorants, polymeric binders and 
the like is contemplated. In general any pharmaceutically acceptable additive which does not interfere with the function 
of the active compounds can be used. Suitable carriers with which the compositions can be administered include lac- 
tose, starch, cellulose derivatives and the like, or mixtures thereof, used in suitable amounts. 
The invention is further illustrated by the following examples. 

20 

EXAMPLES 
EXPERIMENTAL 
25 GENERAL METHOPS 

A first general process step consists of the preparation of a suitable N-protected-3-hydroxy-azetidlne and -pyrroli- 
dine and subsequent arylether formation. 

Any protective group, stable under alkaline coupling conditions will do. This applies also for the pyrrolidines series, 
30 where a benzyl group is found to be the best accessible and most convenient protective group. As for the azetidines a 
bulky group such as triphenylmethyl, 4,4'-disubstrtuted diphenytmethyl, a-methylbenzyl and, as a matter of choice, 
diphenylmethyl can be used for the ease of azetidine ring formation during synthesis. These compounds may be pre- 
pared by reacting the corresponding primary amines with epichlorohydrine in a polar solvent such as methanol or 
dimethylformamide at elevated temperatures ranging from room temperature to reflux, usually over a period of several 
35 days. 

The N-protected-3-hydroxy-azetidines and -pyrrolidines can be used as such in a condensation reaction with a wide 
variety of compounds bearing a suitable leaving group on an aromatic moiety to get ether formation. When the leaving 
group is for instance halogen the reaction can be performed in a polar solvent such as dimethylformamide and a suita- 
ble base, for example potassium carbonate in the presence of a catalyst like activated copper, at elevated temperatures 

40 ranging from room temperature up to reflux temperature. 

In a preferred second general process step the hydroxy group of the N-protected-3-hydroxy-azetidines and -pyrro- 
lidines is converted, by methods well known to a skilled person, into a reactive leaving group such as for instance hal- 
ogen, trif late, tosylate and, for choice, mesylate, followed by a condensation reaction with a wide variety of compounds 
bearing an aromatic hydroxy (or mercapto) group to get a wide variety of aryl ethers, as well as aryl thioethers. 

45 The mesylates are conveniently prepared by the addition of methanesulfonylchloride to the 3-hydroxy compounds in an 
apolar solvent such as toluene in the presence of an organic base like triethylamine at a temperature of -30 °C up to 
reflux temperature, usually at reduced temperature. 

Although all common aryl-alkyl ether formation reactions known from literature may be applicable, most compounds 
were prepared according to three main procedures. 

50 

(I) A first general applicable preparation consist of a heterogeneous two phase reaction between mesylate and an 
appropriate nucleophile. preferably a bicyclic compound containing an aromatic hydroxy or mercapto group. The 
two phase system consists of an aqueous solution of an inorganic base such as sodium hydroxide and an organic 
layer, preferably 4-methyl-2-pentanone. The reaction is performed at a temperature of 25 °C up to reflux tempera- 
55 ture. preferably at elevated temperature. 

(ii) A second preparation consists of a condensation reaction of both substrates, mesylate and nucleophile, in a 
polar organic solvent such as tert-butanol or dimethylsuHoxide or mixtures thereof and a suitable base like potas- 
sium tert-butoxide, generally at elevated temperatures ranging from 25 °C up to 100 °C. 
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(Hi) A third preparation consists of anion formation by a base like sodium hydride and subsequent reaction with 
mesylate in a polar solvent such as dimethyHbrmarrude. usually at elevated temperatures ranging from 25 °C up to 
reflux. 

5 A third general process step concerns all types of deprotection methods resulting in (cyclic) secondary amines. All 

conventia! methods with regard to the selected protective group, well known to a skilled person, must be taken in con- 
sideration. As for the aralkyl groups commonly used in this invention two types of deprotection methods are preferred. 
The first method consists of the removal of the protective group by catalytic hydrogenation at a pressure varying from 
atmospheric to 60 psi in a polar solvent such as ethanol or methanol in the presence of a commonly used catalyst such 

10 as palladium on activated carbon or palladium hydroxide on carbon at a temperature of 25-60 °C. A second method 
consist of the replacement of the original protective group by an intermediate carbamate function which on turn is 
removed afterwards. Suitable reagents are for instance 1-chloroethyi chloroformate or vinyl chloroformate in an aprotic 
solvent such as 1 ,2-dichloroethane at a temperature of -15 °C up to reflux temperature and subsequent reaction with 
an alcohol such as methanol or ethanol at a temperature of -15 °C up to reflux temperature. 

is A fourth general process step concerns the preparation or separaration of stereoisomers, including diastereomers 
and enantiomers. as a consequence of the presence of one or more centres of chiralrty. 

Enantio selective preparations can be performed starting from enantio pure (R) and (S) substrates such as for instance 
(R)- or (S)-1-benzyl-3-pyrrolidinol. 

The individual enantiomers may also be obtained from a mixture of stereoisomers using any method well known in the 
20 art for separating such isomers into their constituent enantiomers. For example, using methods described in Stereo- 
chemistry of Organic compounds, E.L Eliel and S.H. Wilen, chapter 7, 1994. In particular by methods such as salt for- 
mation with optically active acids followed by fractional crystallisation or by differential absorption using columns packed 
with chiral material, for example chiral liquid or gas chromatography. 

A fifth general process step includes the conversion of the secondary and tertiary amines prepared during synthe- 
25 sis into any salt or solvate form, preferably pharmaceutical^ accepted salts and solvates such as hydrochloride salts, 
namely prepared by addition of the acid of choice to the free base in a solvent like ethanol and isolation as a solid. 

P REP A RA TION OF STARTI NG MATERIALS (azetidine substrates) 

30 Smooth procedure suitable for large scale production of both 1-(di phenyl methyl) -3-azetidinol and its methanesul- 
fonate (modification of U.S. Patent 4,183,923 E.H. Gold et al. Jan. 1980): 

1 -(Diphqnylmethyl)-3-azetidinol 

35 Under nitrogen benzylamine (34.5 ml) was added to a solution of epichlorohydrine (34.7 ml) in 1L of anhydrous 
dimethylformamide. The reaction mixture was heated at 95 °C for 64 hours. Afterwards it was cooled to 5 °C and a mix- 
ture of 20 ml of concentrated aqueous hydrochloric acid and 20 ml of water was added dropwise. After evaporation in 
vacuo the residue was stirred with diethyl ether and filtered. The solid was washed with diethyl ether and then parti- 
tioned between diethyl ether and a 2N aqueous sodium hydroxyde solution. The organic layer was dried over sodium 

40 sulfate, filtered and concentrated in vacuo. The residue was crystallized from a mixture of toluene and petrol ether to 
give 36.3 g of 1-(diphenylmethyl)-3-azetidinol, m.p. 107 °C. 

1-(Diphenvlmethvl)-3-methanesurfonvloxv-azetidine 

45 Under nitrogen methanesulfonylchloride (7.8 ml) was dropped slowly into a suspension of 1-(diphenylmethyl)-3- 
azetidinol (29.3 g) and triethylamine (14 ml) in 220 ml of dry toluene at a temperature of 15 °C. The temperature was 
allowed to raise to room temperature slowly and the reaction mixture was stirred for 1 7 hours. Then 220 ml of dry diethyl 
ether were added and the precipitated triethylamine hydrochloride was filtered and washed with a diethyl ether/dichlo- 
romethane mixture (4:1). The organic layer was washed with 100 ml of a 1 .1M sodium bicarbonate solution and then 

so with brine. It was dried over sodium sulfate filtered and evaporated in vacuo to give 29.4 g of 1 -(di phenyl methy l)-3-meth- 
anesulfonyloxy-azetidine, M.S. (C.I.) (M/Z): 318 [M+H]\ 

PREPARATION OF OTHER STARTING MATERIALS 

55 5-Ch|Qrp-2,3<ihYdrp-1 H-jnden-4-pl (Step a. b, c) 

a) 3-Chloro-propanoic acid 2-chlorophenyl ester 

3-chloropropionylchloride (14 ml) was added to 2-chlorophenol (18.18 g) and the mixture was stirred and heated at 
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60 °C for 1 hour, at 75 °C for 1 hour and left over the weekend at ambient temperature. The compound was purified 
by destination in vacuo to give 19,7 g (b.p. 91-94 °C 0.08mm Hg) of 3-chloro-propanoic acid 2-chlorophenyl ester. 

b) 6-Chloro-2, 3-dihydro-7 -hydroxy- 1 H-inden-1 -one 

5 To 3-ch!oro-propanoic acid 2-chlorophenyl ester (19.6 g) was added 1 equivalent of aluminum chloride (11.93 g) 

and the mixture was stirred under nitrogen for 2.5 hours at 100 °C, cooled, a second portion of aluminum chloride 
(14 g) added, and heated at 170 °C for 2 hours. 

The reaction mixture was cooled to 70-80 °C and water was added carefully. Then ethyl acetate was added 
while stirring and the layers separated. The ethyl acetate solution was washed with water, dried over magnesium 

io sulfate, filtered and concentrated in vacuo. A solid separated which was removed by filtration and the remaining fil- 
trate was evaporated untill dryness. The residue was chromatographated over silica using toluene as the eluent 
giving 3.2 g of 6-chloro-2,3-dihydro-7-hydroxy-1 H-inden-1 -one, M.S. (C.I.) (M/Z): 183 [M+H]\ 

c) 5-Chloro-2,3-dihydro-1H-inden-4-ol 

is 3.2 g of 6-chloro-7-hydroxy- 7 H-inden-1 -one in 1 6.8 ml of water and 67.2 ml of concentrated aqueous hydrochloric 
acid were stirred and heated with freshly prepared zinc amalgame (from 26.88 g of zinc wool) in an oil bath at 120 
°C for 16 hours. The reaction mixture was cooled, decanted and treated with ethylacetate and dichloromethane. 
The organic layer was evaporated in vacuo. The residue was purified by an acid/base separation yielding 2.08 g of 
5^hloro-2,3<!ihydro-1H-inden-4-ol, M.S. (C.I.) (M/Z): 169 [M+H] + . 

20 In an analogues manner 2,3-Dihydro-5-methyl-1 H-inden-4-ol, M.S. (C.I.) (M/Z): 149 [M+H] + was prepared, 

starting from 3-chloro-propanoic acid 2-methytphenyl ester. 

2.3-Dihydro-5-methoxy-1 H-inden-4-ol (Step a, b. C, d) 

25 a) 3-(2,3-DimethoxyphenyO-propanoic acid 

Nitrogen was passed through a stirred suspension of (Z)-3-(2,3-dimethoxyphenyl)-2-propenoic acid (14,67 g) in 
400 ml of methanol during 15 minutes. Then 1 .4 g of 10 % palladium on activated carbon were added and a stream 
of hydrogen was passed through the reaction mixture for 16 hours. After removing the palladium catalyst by filtra- 
tion, the filtrate was evaporated to yield 14.2 g of 3-(2,3 -dimethoxyphenyl)-propanoic acid, M.S. (C.I.) (M/Z): 21 1 

so [M+H] + . 

b) 2,3-Dihydro-4,5-dimethoxy-1 H-inden-1 -one 

Under nitrogen a solution of 3-(2,3-dimethoxyphenyl) -propanoic acid (2 g) in 50 ml methanesulfbnic acid was 
warmed at 60 °C and kept there for 2 hours. The reaction mixture was cooled to room temperature and poured into 
35 ice/water. After extraction with ethyl acetate the organic layer was washed with a 1 N aqueous sodium hydroxyde 
solution, dried over magnesium sulfate, filtered and evaporated in vacuo yielding 1 .2g of 2,3-dihydro-4,5-dimeth- 
oxy-1 H-inden-1 -one. M.S. (C.I.) (M/Z): 193 [M+H] + . 

c) 2,3-Dihydro-4-hydroxy-5-methoxy-1 H-inden-1 -one 

40 Under a nitrogen atmosphere 2,3-dihydro-4.5-dimethoxy-1 H-inden-1 -one (31 .7 g) was dissolved in 600 ml of anhy- 
drous 1 ,2-dichloroethane and cooled to 0 °C. Aluminum chloride (44 g) was added in portions and the reaction mix- 
ture was heated to 60 °C for 17 hours, cooled to room temperature and poured into ice/water. After extraction with 
dichloromethane the organic layer was dried and evaporated. The residue was crystallized from ethyl acetate to 
give 20.5 g of 2,3-dihydro-4-hydroxy-5-methoxy-1 H-inden-T-one, M.S. (C.I.) (M/Z): 179 [M+H] + . 

45 

d) 2,3-Dihydro-5-methoxy-1 H-inden-4-ol 

The 20.5 g of 2,3-dihydro-4-hydroxy-5-methoxy-1 H-inden-1 -one were suspended in a mixture of 31 0 ml of concen- 
trated aqueous hydrochloric acid and 53 ml of water. Freshly prepared zinc amalgame (from 87 g of zinc wool) was 
added and the mixture was stirred for 3 hours at ambient temperature. After decantation the resting zinc amalgame 
so was washed three times with diethyl ether and the acidic water solution was extracted with diethyl ether. The com- 
bined ether solutions were washed with a 1N aqueous hydrochloric acid solution, dried over magnesium sulfate, 
filtered and evaporated in vacuo to afford 15.0 g of 2,3-dihydro-5-methoxy-1H-inden-4-ol. M.S. (C.I.) (M/Z): 165 
[M+H] + . 

55 6-FTuprp-1 -msthyH H-irtf gn-4-pl (Step a, b, c) 

a) 4-Chloro-butanoic acid 3-fluorophenyi ester 

4-Chlorobutyrylchloride (35.3 g) was added to 3-fluorophenol (25 g). This mixture was stirred during 48 h at room 
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temperature. After the reaction was completed the product was purified by vacuo-destiilation. Yield: 35,3 g (b.p. 106 
°C 3 mmHg) of 4-chloro-butanoic acid 34luorophenyl ester as a white oil. 

b) 5-Fluoro-2,3<ljhydro-7-hydroxy-3-mefthyl-1 H-inden- 1 -one 

5 After the obtained 4-chloro-butanoic acid 3-f luorophenyl ester (35.33 g) was heated to 80°C, aluminium chloride 

(24.0 g) was added. The reaction mixture started to foam. After the foaming was reduced the mixture was stirred 
during 2 hours at 1 00 °C. After cooling water and ethyl acetate were added and the mixture was heated on a steam 
bath. After all the oil was dissolved the organic layer was separated and washed with water and brine. The solvent 
was removed and the residue was crystallized from 2-propanol to give 21 .2 g of 5-f luoro-2,3-dihydro-7-hydroxy-3- 

10 methyl-1 H-inden-1 -one, M.S. (C.I.) (M/Z): 181 [M+H] + . 

c) 6-Fluoro-2,3-dihydro-1 -methyl-1 H-inden-4-ol 

5 g of 5-fluoro-2,3<ljhydro-7-hydroxy-3-methyl-1 H-inden-1 -one was heated to 80 °C until all the solid was melted. 
After adding aluminium chloride (9.3 g) to this melt the reaction mixture was heated to 1 70 °C during 1 7 hours. After 
75 cooling water and ethyl acetate were added and the mixture was heated on a steam bath until everything was dis- 
solved. The organic layer was separated and washed with water and brine. After removing the solvent the com- 
pound was purified by chromatography with the add of heptane/ethylacetate ( 9:1) resulting in 2.2 g of 6-ftuoro-2,3- 
dihydro-1 -methyl-1 H-inden-4-ol as a semi-solid. M.S. (C.I.) (M/Z): 167 [M+H]\ 

20 PREPARATIONS 

Example 1: 3-[(5-Chloro-2,3-dihydro-1H-inden-4-y0oxy]-1-(diphenylmethy^ 

a) 2 g of 5-chloro-2.3-di hydro- 1 Wnden-4-ol were stirred in 75 ml of a 2N sodium hydroxyde solution for 1 hour. To 
25 the clear solution were added 75 ml of 4-methyl-2-pentanone and 3.76 g of 1-(diphenylmethyl)-3-methanesulfony- 

loxy-azetidine and the mixture was heated in an oil bath at 120 °C for 3.5 hours. Then another 2 g of mesylate were 
added and heating was continued for 64 hours. The upper layer was separated and washed with water. Evaporation 
in vacuo and chromatography with toluene/ethyl acetate (95:5) gave 4.22 g of 3-I(5-chloro-2,3-dihydro-1 H-inden-4- 
yl)oxy]-1-(diphenytmethyl)-azetidine as a clear oil that solidified spontaneous. M.S. (C.I.) (M/Z): 391 [M+H] + . 
30 In a similar way were prepared : 

b) 3-[(2 f 4-DicNoro-1-naphtalenyl)oxy]-1-(diphenylmethyl)-azetJdine. M.S. (C.I.) (M/Z): 435 [M+H]\ starting from 
2,4-dichloro-1 -naphtol, 

c) 1-(Diphenylmethyl)-3-[(4-methyl-1<iaphtalenyl)oxy]-azetidine. M.S. (CI.) (M/Z): 380 [M+H]+, starting from 4- 
methy 1-1 -naphtol, 

35 d) HDiphenylmethylj-S^-methoxy-l-naphtalenylJoxyl-azetidine, M.S. (C.I.) (M/Z) 396 [M+H] + , starting from 2- 
methoxy- 1 -naphtol , 

e) 1-(Diphenylmethyl)-3-[(5,67,8-tefr M.S.(C.L) (M/Z): 370 [M+HJ+, starting 
from 5.6.7,8-tetrahydro-1 -naphtol. 

f) 1 -(DipheriyimethylJ-S-^.S^lirTydrcHS-methoxy-l H-inden-4-yf)oxy]-azetidine. M.S. (C.I.) (M/Z): 386 [M+H] + , start- 
40 ing from 2,3-dihydro-5-methoxy-1 H-inden-4-ol, 

g) 3-[(7-Bromo-2,3-dihydro-1H-inden-4-yl)oxy]-1-(diphenylmethyl)^azetidine. M.S. (C.I.) (M/Z): 435[M+H] + , starting 
from 7-bromo-2,3'dihydro-1 H-inden-4-ol, 

h) 1-(Diphenylmethyl)-3-[(6-fluoro-2.3-dihydro-1 -methyl-1 H-inden^-ylJoxyJ-azetidine. M.S. (C.I.) (M/Z): 388 
[M+H] + , starting from 6-fluoro-2,3-dihydro-1 -methyl-1 H-inden-4-ol, 

45 i) 3-[(2,3-Dihydro-5-methyl-1 W-m^ M.S. (C.I.) (M/Z): 370[M+H] + , starting 

from 2,3-dihydro-5-methyl-1H-inden-4-ol, 

fl 1-(Diphenylmethyi)-3-[(2,3-dihydro-1 H-irxien-4-yl)oxy]-azetidine. M.S. (C.I.) (M/Z): 356 [M+H] + , starting from 2.3- 
dihydro-1 H-inden-4-ol, 

k) 3-[(Benzo(b)thien-4-yO-1-(diphenylmethyO-azetidine, M.S. (C.I.) (M/Z): 372 [M+H] + , starting from benzo(b)thi- 
so ophene-4-ol. 

0 5-(3-Azetidinyloxy)-1 -(diphenylmethyl)-isoquinoline, M.S. (C.I.) (M/Z): 367 [M+H] + , starting from 5-hydroxyisoqui- 
noline. 

m) 8-(3-AzetidinylQxy)-1-(diphenylmethyl)-quinoline, M.S. (C.I.) (M/Z): 371 [M+H] + , starting from 8-hydroxyquino- 
line. 

55 

Example 2: 1-(Diphenylmethyl)-3-(1-naphtalenyloxy)-azetidine hydrochloride 

a) Under nitrogen 1 .44 g of 1 -naphtol were added to a solution of 3.37 g of potassium tert-butoxide in 71 ml tert- 
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butanol. After stirring for half an hour 4.33 g of 1 -(diphenylme1hyl)-3-metrmnesutforiy1oxy-a2etidine maieate were 
added. To increase the solubility 71 m! of dimethyl sulfoxide were added. The mixture was heated in an oil bath at 
80 °C for 40 hours, t- Butanol was distilled off in vacuo and the residue partitioned between water and ethyl acetate. 
The ethyl acetate extracts were washed with water, dried over magnesium sulfate, filtered and evaporated in vacuo. 
The residue was chromatographated with toluene giving 2.7 g of the desired product. This was treated with a solu- 
tion of hydrochloric acid in methanol, evaporated in vacuo and crystallized from ethanol absolute, yielding 2.09 g of 
1 -(diphenytmethyl)-3-(1 -naphtalenyloxy)- azetidine hydrochloride, m.p. 182 °C. 
In a similar way were prepared: 

b) 1-(DiphenylmethyD-3-I(2-methyl-1-naprrthalenyl)oxy]-azetkJine, M.S. (C.I.) (M/Z): 380 [M+H] + , starting from 2- 
methyl-1-naphtol, 

c) 1-(Diphenylmethyl)^-[(4-memoxy-1-naphthalenyl)c^]-azetxiine, M.S. (C.I.) M/Z): 396 [M+H] + , starting from 4- 
methoxy-1 -naphthol, 

d) 1-(Diphenylmethyl)-3KlHiaphthalenylthio)-azetidine, M.S. (C.I.) (M/Z): 382 [M+H] + , starting from 1-naphtha- 
lenethiol, 

e) HDiphenylmethyl)-3-(2-naphthalenylbxy)-azetidine t M.S. (C.I.) (M/Z): 366 [M+H] + , starting from 2-naphthol. 
Example 3: 1-(DiphenylmethyO-3-[(2-memoxy-1-naphthalenyl)oxy]-azetidine hydrochloride 

a) A stirred mixture of 6.89 g of 1-(diphenylmethyl)-3-azetidinol, 25 ml anhydrous dimethyl formamide, 10.37 g 
potassium carbonate, 5.93 g 1 -bromo-2-methoxynaphtalene and 200 mg of activated copper was heated for 40 
hours in an oil bath of 170 °C. The reaction mixture was partitioned between water and toluene. The crude product 
mixture from the organic extracts was chromatographated with toluene and toluene/ethyl acetate (95:5). The 
desired product was dissolved in diethyl ether and precipitated by the addition of a solution of hydrochloric acid in 
methanol. Yield: 1.96 g of 1-(diphenylmethyl)-3-[(2-methoxy-1-naphtalenyl)oxy]-azetidine hydrochloride. M.S. (C.I.) 
(M/Z): 400 [M+H] + . 

In a similar way was prepared: 

b) 1-(Diphenylmethyl)-3-[(2-(metho^ hydrochloride, M.S. (C.I.) (M/Z): 410 
[M+H] + f starting from 1-bromo-2-(methoxymethyl)-naphthalene. 

Example 4: 3-[(2.3-Dihydro-1H-inden-4-yl)oxy]-azetkiine hydrochloride 

a) To a suspension of 3 g of 3-[(2,3<lihydro-1H-inden-4-yl)oxy]-1-(diphenylmethvl)-azetidine hydrochloride in 250 
ml ethanol were added 600 mg of palladium hydroxyde on carbon powder and the mixture was hydrogenated in a 
Parr apparatus at 60 psi during 16 hours. After removal of the catalyst and evaporation of the solvent in vacuo the 
residue was washed several times with diethyl ether and decanted to remove the diphenytmethane formed. The 
remaining solid was crystallized from ethanol/diethyl ether, yielding 1.27 g of 3-[(2,3-dihydro-1H-inden-4-yl)oxy]- 
azetidine hydrochloride, m.p. 65 °C. 

In a similar way were prepared: 

b) 3-[(2-Methyl-1 -naphthalertyl)oxy]-azetidine hydrochloride, mp 171 °C starting from 1 -(diphenylmethyl)-3-[(2- 
methyl-1 -naphtalenyl)oxy] -azetidine, 

c) 3-(1-Naprithalenyloxy)-azetidine hydrochloride, mp 292 °C starting from 1-(diphenylmethyl)-3-[(1-naphtale- 
nyl)oxy]-azetidine ( 

d) 3-[(4-Methoxy-1 -naprrthalenyl)oxy]-azetidine hydrochloride, mp 198 °C starting from 1 -(diphenylmethyl)-3-[(4- 
methoxy-1 -naphtalenyl)oxy] -azetidine, x 

e) 3-1(5,6, 7, 8-Tetrahydro-1 -naphthalenyl)oxy]-azetidine hydrochloride, mp 187 °C starting from 1 -(diphenylmethyl)- 
3-1(5,6, 7,8-tetrahydro-1 -naphtalenyl)oxyj-azetidine, 

f) 3-[(5,6,7,8-Tetrahydro-2-methoxy-1 -naphthalenyl)oxy]-azetidine hydrochioride. mp 1 64 °C starting from 1 -(diphe- 
nylmethyi)-3-[(2-methoxy-1 -naphtalenyl)oxy]-azetidine, 

g) 3-(2-Naphthalenyfoxy)-azetidine hydrochloride, mp 168 °C starting from 1-(diphenylmethyl)-3-(2-naphtaleny- 
loxy)-azetidine 

h) 8-(3-Azetidinyloxy)-1,2,3,4-tetrahydroquinoline hydrochloride, mp >250 °C starting from 8-(3-Azetidinyloxy)-1 - 
(diphenylmethyl)-quinoline. 

Example 5: 3-[(5-Chloro-2,3-dihydro-1 H-inden-4-yI)oxy]-azetidine hydrochloride 

a) 4.22 g of 3-[(5-chloro-2,3-dihydro-1 H-inden-4-y0oxy]-1-((diphenylmethyl))-azetidine were dissolved in 71 ml of 
1 ,2-dichIoroethane. 1 .58 g of 1 -chloroethyl chloroformate was added. The mixture was refluxed in an oil bath at 120 
°C for 2.5 hours. After evaporation in vacuo the residue was refluxed in 71 ml of anhydrous methanol for 2 hours. 
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Evaporation in vacuo gave a semi solid that was stirred with diethyl ether and filtered. The solid was recrystallized 
from ethanol/di ethyl ether, yielding 1.57 g of 3^(5<hloro-2,3^iriydro-1H-irttJen^y0oxy]-a2etidine hydrochloride, 
m.p. 188 °C. 

In a similar way were prepared: 

b) 3-[(2,4-Dichloro-1-naphthalenyl)oxy]-a2etidine hydrochloride, mp 187 °C starting from 3-[(2.4-Dichloro-1- 
naphtalenyl)oxy]-1 -(drphenytrnethyl)-azetidine, 

c) 3-{(4-Methyl-1 -naprrthalenyt)oxy]-azetidine hydrochloride, mp 180 °C starting from 1-(diphenylmethyl)-3-[(4- 
methyl-1 -naphtalenyi)axy]-azetidine, 

d) 3-[(2,3-Dihydro-5-methoxy-1H-inden-4-y0oxy]-azetidine hydrochloride, mp 166 °C starting from 1-(diphenylme- 
thyO-3-[(2,3<iihydrT>-5-methoxy-1H-in^ 

e) 3-[(7-Bromo-2.3-dihydro-1H-inden-4-y0oxy]-azetidine hydrochloride, mp 203 °C starting from 3-{(7-bromo-2,3- 
dihydro-1 H-inden-4-yl)oxy]-1 -(diphenylmethyl)-azetidine, 

f) 3-{(6-nuoro-2,3-dihydro-1 -methyl-1 H-inden-4-yl)oxy]-azetidine hydrochloride, mp 170 °C starting from 1-(diphe- 
nylmethyl)-3-[(64luoro-2,3<lir^ 

g) 3-[(2,3-Dihydro-5-methyl-1H-inden-4-y0oxy]-azetidine hydrochloride mp 184 °C starting from 1-(diphenytme- 
thy0-3-[(2,3-dihydro-5-methyl- 1 W-inden-4-yl)oxy]-azetidine, 

h) 3-[(Benzo[bJthien-4-yl)oxy]-azetidine hydrochloride mp 203 °C starting from 3-[(benzo[b]thien-4-yl)oxy]-1- 
(diphenylmethyO-azetidine. 

i) 5-(3-Azetidinyloxy)-isoquinoline dihydrochloride mp 198 °C starting from 5-(3-azetidinyloxy)-1-(diphenylmethy0- 
isoquinotine. 

Example 6: 3-[(2-Methoxy-1-naphthalenyl)oxy]-azetidine hydrochloride 

a) To a solution of 2.07 g of 1-(diphenylmethyl)-3-[(2-methoxy-1-naphtalenyl)oxy]-azetidine as that free base in 20 
ml 1 ,2-dichloroethane at -15 °C was added dropwlse a solution of 0.58 ml vinyloxy carbonyl chloride in 20 ml 1.2- 
dichloroethane over 15 minutes and the reaction was kept at this temperature for another half hour. After 16 hours 
at ambient temperature ethanol was added from a dropping funnel. The reaction mixture was evaporated in vacuo 
and the residue was purified by chromatography using toluene/ethyl acetate (95:5) to afford 1 .55 g of a solid which 
was dissolved in 25 ml of a 2M hydrochloric acid/m ethanol solution. After standing at ambient temperature for 16 
hours the solution was evaporated in vacuo and the product crystallized from ethanol/di ethyl ether. Isolated 1 .02 g 
of 3-[(2-methoxy-1-naphtalenyl)oxyJ-azetidine hydrochloride m.p. 187 °C. 

In a similar way were prepared: 

b) 3-(1-Naphthalenylthio)-azetidine hydrochloride, mp 159 °C starting from 1 -(diphenylmethy1)-3-(1 -naphtale- 
nylthio)-azetidine, 

c) 3-[(2-(MethoxymethyO-1-riaphthalenyl)oxy]-azetkiine hydrochloride, mp 127 °C starting from 1 -(diphenylmethyi)- 
3-[(2-(methoxymethyl)-1-naphtalenyl)oxy]-azetidine. 

Example 7: (R)-3-methanesulfonyloxy-1-(phenylmethyl)-pyrrolidine 

a) 10 g of (R)-1-(phenylmethyl)-3-pyrrolidinol were dissolved in 160 ml of anhydrous toluene. The solution was 
stirred under a stream of nitrogen, cooled in an ice/ethanol bath and 8.7 ml of triethylamine were added. At a tern- 
perature of -5 °C 4,9 ml of a solution of methanesulfonylchloride in 1 10 ml of anhydrous toluene were added drop- 
wise over 1 ,5 hours and the reaction mixture was stirred for 1 hour at 0 °C. The solid was filtered and washed with 
ethyl acetate. The filtrate was washed with water, dried and evaporated in vacuo to give 13,9 g of (R)-3-methanesul- 
fonyloxy-V(phenylmethyl)-pyrroIidine as an almost colourless oil. M.S. (C.I.) (M/Z): 256 [M+H] + . 

In a similar way were prepared: 

b) (S)-3-methanesulfbnyloxy-1-(phenylmethyl)-pyrrolidine, M.S. (C.I.) (M/Z): 256 [M+H] + , starting from (S)-1-(phe- 
nylmethyl)-3-pyrrolidinol, 

c) (rac)-3-methanesulfonyloxy-1-(phenylmethyl)-pyrrolidine. M.S. (C.I) (M/Z): 256 [M+H] + , starting from (rac)-1- 
(phenyl methyl) -3 -pyrrol id inol. 

Example 8: (S)-3-[(2,3-dihydro-5-methoxy-1 H-inden-4-yl)oxy]-1 -(phenylmethyl)- pyrrolidine 

a) In 540 ml of anhydrous dimethytformamide 5 g of 2,3-dihydro-5-methoxy-1H-inden-4-ol were dissolved. The 
solution was stirred, placed under a steam of nitrogen and 1 .5 g of a 60% dispersion of sodium hydride in oil was 
added. The reaction mixture was stirred at room temperature for half an hour. The temperature was raised to 100 
°C and a solution of 7.78 g of (R)-3-methanesulfonyloxy-1-(phenylmethyl)-pyrrolidine in 78 ml of anhydrous dimeth- 
yfformamide was added dropwise over 1 hour. Another 3,0 g of mesylate in 30 ml of anhydrous dimethytformamide 
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were added dropwise over 0.5 hours and the reaction continued tor another 1.5 hours at 100 °C. Evaporation in 
vacuo gave a semi solid that was partitioned between water and ethyl acetate. The ethyl acetate extract was dried 
and evaporated in vacuo. The derived product was isolated by chromatography over silica using tolueneAethanol 
as the eluent giving 9.45g of (S)-3-[(2,3-dihydro-5-methoxy-1 HHnden^y0oxy]-1-(phenyimethyl)-pyrrolidine as an 
oil. M.S. (C.I.) (M/Z): 324 [M+HJ*. 
In a similar way were prepared 

b) (R)-3^2.3<Jihydro^methoxy-1H^ M.S. (C.I.) (M/Z): 324 [M+H]\ 
starting from 2,3-dihydro-5-methoxy-1 H-inden-4-ol and (S)-3-methanesuHbnyloxy-1 -(pheriytmethyl)-pyrrolidine, 

c) (rac)-3-[(2,3-DihyoVo-5-methoxy-1W M.S. (C.I.) (M/Z):324 [M+H] + , 
starting from 2,3-dihydro-5-methoxy-1H-inden-4-ol and (/ac)-3-methanesulfbny1oxy-1 -(phenyl methylj-pyrrolidine, 

d) 3-( 1 -Naphthalenyloxy)- 1 -(phenylmethyl)-pyrrolidine M.S. (C.I.) (M/Z): 304 [M+H] + , starting from 1-naprrtol, 

e) 3-[(5,67.8-Tetrahydro-1-naphthalenyl)oxy]-1-(phenylmetr^ M.S. (C.I.) (M/Z): 308 [M+H] + , starting 
from 5,6,7,8-tetrahydro-1-naphthol. 

Example 9: (S)-(+)-3-[(2,3-Dihydro-5-methaxy-1 H-inden-4-yl)oxy]-pyrrolidine hydrochloride 

a) 9.4 g of (S)-3-[(2.3-dihydro-5-methoxy-1 H-inden-4-yl)oxy]-1 -(phenyl methyO-pyrrolidine were dissolved in 300 ml 
of anhydrous methanol and 2,0 g of palladium hydroxyde on carbon added. The mixture was hydrogenated in a 
Parr apparatus for 1 6 hours at 50 psi. The catalyst was filtered over dicalrte and washed with methanol . The filtrate 
was concentrated to its original volume and 1 g of fresh palladium hydroxide or carbon was added. Hydrogenation 
was continued for 3 hours. The catalyst was removed again and the filtrate treated with excess of a 1 M hydrochloric 
acid/diethyl ether solution. Evaporation and crystallization form methanol/ethyl acetate/di ethyl ether gave coloured 
crystals that where washed with acetone and diethyl ether giving 3,95 g of (S)-(+)-3-[(2,3-dihydro-5-methoxy-1H- 
inden-4-yl)oxy]-pyrrolidine hydrochloride, m.p. 176 °C. 

In a similar way was prepared : 

b) 3-1(5,6, 7,8-Tetrahydro-1-naphthalenyl)oxy]-pyrrolidine hydrochloride m.p. 207 °C, starting from 3-[(5,6,7,8-tet- 
rahydro-1 -naphthalenyl)oxy]-1 -(phenylmethyl) -pyrrolidine 

Example 10: (R)-(-)-3-[(2,3-Dihydro-5-methoxy-1H-inden-4-yl)oxy]-pyrrolidine hydrochloride 

a) 800 mg of (R)-3-[(2,3-dihydro-5-methoxy-1H-inden-4-yl)oxy]-1-(phenylmethyl)-pyrrolidine were dissolved in 150 
ml of anhydrous methanol and 1 .5 equivalent of hydrochlorid acid solved in ethyl acetate was added. Approximately 
80 mg of palladium on carbon 10 % were added and a stream of hydrogen was passed through the stirred mixture. 
After 24 hours new catalyst was added and hydrogenation continued for 1 7 hours. The catalyst was removed by 
filtration, the filtrate evaporated in vacuo and the product crystallized from ethanol/ethyl acetate/di ethyl ether yield- 
ing 360 mg of (R)-(-)-3-[(2,3-dihydro-5-methoxy-1 H-inden-4-yl)oxy]-pyrrolidine hydrochloride m.p. 1 74 °C. 

In a similar way were prepared: 

b) (rac)-3-[(2 P 3-Dihydro-5-methoxy-1 H-inden-4-yl)oxy] pyrrolidine hydrochloride m.p. 1 54 °C, starting from (rac)-3- 
[(2 , 3-di hyd ro-5-methoxy- 1 H-inden-4y1)oxy]-1 -(phenylmethyl) pyrrolidine, 

c) (rac)-3-[(1-Naphtalenyt)oxy]pyrrolidine hydrochloride m.p. 222 °C, starting from (rac)-3-[(1 -naprrtalenyf)oxy]-1 - 
(phenylmethyt)-pyrrolidine. 

Example 11: (+)-3-[(1-Naphtalenyl)oxy]-pyrrolidine hydrochloride (-)-3-I(1-Naphtalenyl)oxy]-pyrrolidine hydrochlorde 

3-[(1-Naphtalenyl)oxy]-pyrrolidine (80 mg) was separated by preparative chiral HPLC into the separate enarttiom- 
ers. Separation was performed at room temperature on a Chiracel OD column 240x4.6 mm with hexane/ethanol (80:20) 
and 0.15 % diethytamine, flow 1 ml/minute. (+)-3-[(1-Naprrtaleny1)oxy]-pyrrolidine was collected at t R 7.4 minutes, (-)-3- 
[(1 -Naphthalenyl)oxy] -pyrrolidine was collected at t R 9.8 minutes. The solutions were immediately evaporated in vacuo 
and converted to their hydrochloride salts to give 10 mg of each. Estimated enantio-purrty for both these enantiomers 
>99.5 %. 

TESTS 

The activity of the compounds in the invention on the central nervous system was indicated using the pharmaco- 
logical tests below; these tests demonstrate the serotonergic activity and antidepressant- 1 ike effects of the invention. 
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BINDING TESTS 



The tests are carried out using cloned human receptors expressed in 3T3 cells according to the protocols 
described in Stem et a! "Genomic organization, coding sequence and functional expression of human 5-HT2 and 5- 
5 HT1A receptor genes" - European Journal of Pharmacology - Molecular Pharmacology Section 227: 153-162 (1993) 
and Stam et al "Genomic organisation and functional expression of the gene encoding the human serotonin 5-HT2C 
receptor" - European Journal of Pharmacology - Molecular Pharmacology Section 269: 339-348 (1994). The affinity for 
the 5-HT2A and 5-HT2C receptors is determined by the capacity of the compounds to displace [3H]-ketanserin and 
[3H]-mesulergine from the appropriate receptor. 

10 

PENILE ERECTION TEST 

This test, carried out according to the protocol of Berendsen et al fin volvement of 5-HT1C receptors in drug- 
induced penile erections in rats" - Psychopharmacotogy 101: 57-61(1990)] enables the potential in vivo activity at 
75 5HT2C receptors to be assessed. 

DRL-72 TEST 

This test, carried out according to the protocol of Andrews et al f Effects of imipramine and mirtazapine on operant 
20 performance in rats" - Drug Development Research 32: 58-66 (1994)], gives an indication of potential antidepressarrt- 
like activity. 



Compound 


Binding pKi 


Erection of the penis 
(MED, mg.kg-1) 


Increase in pellets 
earned in DRL-72 (MED, 
mg.kg-1) 




5HT2A 


5HT2C 






5d 


6.4 


7.5 


1 


10 


10b 


6.3 


7.6 


1 


10 


9a 


6.8 


8 


0.46 


3 



35 

The results show that the compounds of this invention have a greater affinity for human 5-HT2C than for human 5- 
HT2A receptors, and that this affinity correlates with agonist activity in vivo as well as with antidepressant-like activity 
in an animal model for antidepressant efficacy. 

40 Claims 

1 . A compound of the formula (I) 



45 



50 




55 

wherein A is an optionally unsaturated 5- or 6-membered ring, which may comprise a heteroatom selected 
from N, O and S and which may be substituted with oxo or (1 -6C)alkyl; 

R\ R 2 and R 3 are independently H, (1-6C)alkyl, (1-6C)alkoxy, (1-6C)alkoxy-(1-6C)alkyl. carbo(1 -6C)alkoxy or 



11 



EP0 863 136A1 



halogen; 
X is O or S; 
and n is 1 or 2; 

or a pharmaceutical^ acceptable salt thereof. 

5 

with the exception of 3-(naphth-1-yl-oxy)-pyrrolidin and 3K5,67,8-tetrar^ixhnaprtth-1-y1-oxy)-pyrro!idin. 

2. The compound according to claim 1, wherein the heteroatom in A, if present is N or S; R 1 is H, (1-6C)alkyl, (1- 
6C)alkoxy. (1 -6C)alkoxy-(1 -6C)alkyl; R 2 is H, (1 -6C)alkoxy, carbo(1 -€C)alkoxy or halogen and R 3 is H, (1 -6C)alkyl. 

10 ( 1 -6C)alkoxy or halogen. 

3. The compound according to claim 2, the compound having the formula (la) 



is 



20 




wherein A is an unsubstrtuted saturated 5-membered or optionally aromatic 6-membered ring, which may com- 
prise a nitrogen atom adjacent to the position indicated with an asterisk; 
R 1 is H or (1-6C)alkoxy; R 2 is H, (1-6C)alkoxy or halogen; R 3 is H or halogen; and n is 1 or 2. 

30 4. The compound of claim 3, wherein A is an unsubstituted saturated 5-membered or optionally aromatic 6-mem- 
bered ring; R 1 is (1-6C)alkoxy and R 2 and R 3 are H. 

5. The compound of claim 4, wherein A is a 5-membered ring and R 1 is methoxy. 

35 6. The compound of claim 5, wherein n is 2. 

7. A process for the preparation of any one of the compounds of claims 1 to 6 wherein a compound of the formula 



40 



45 




SO 

wherein A, R 1 , R 2 , R 3 , X and n are as previously defined and P is a protecting group, is deprotected and, 
optionally at the same time, a salt may be formed. 

8. A pharmaceutical composition comprising compound 3-(naphth-1-yl-axy)-pyrrolidin, 3-{5,6,7,8-tetrahydro-naphth- 
55 1-yl-oxy)-pyrrolidin or the compound of any one of claims 1 to 6 and pharmaceutical^ suitable auxiliaries. 

9. The compound 3-(naphth-1 -yl-oxy) -pyrrol idin, 3-(5.6.7.8-tetrahydro-naphth-1 -yl-oxy)-pyrrolidin or the compound of 
any one of claims 1 to 6 for use in therapy. 



12 



EP0863136A1 

10. Use of the compound 3-(naphth-1 -yi-axy)-pyrrolidin, 3-(5.6J,8-tetrahydro-napWh-1-ylH5xy)-^roiidin or the com- 
pound of any one of claims 1 to 6 for the manufacture of a medicament for treating or preventing serotonin-related 
diseases. 
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